Purpose: To compare automated refraction 1 week and 1 month after uncomplicated cataract surgery. Methods: In this prospective cohort study, we recruited patients in a 2-month period and included consecutive patients scheduled for bilateral small-incision phacoemulsification cataract surgery. The exclusion criteria were (i) corneal and/or retinal pathology that could lead to automated refraction miscalculation and (ii) surgery complications. Automated refraction was measured 1 week and 1 month after surgery. Results: Ninety-five patients met the in-and exclusion criteria and completed follow-up. The mean refractive shift in spherical equivalent was À0.02 dioptre (D) between 1 week and 1 month after surgery and not statistical significant (p = 0.78, paired t-test). The magnitude of refractive shift in either myopic or hyperopic direction was neither correlated to age, preoperative corneal astigmatism, axial length nor phacoemulsification energy used during surgery (p > 0.05 for all variables, regression analysis). The refractive target was missed with 1.0 D or more in 11 (12%) patients. In this subgroup, the mean refractive shift in spherical equivalent was 0.49 D between 1 week and 1 month after surgery with a trend towards statistical significance (p = 0.07, paired t-test). There was no difference in age, preoperative corneal astigmatism, axial length or phacoemulsification energy used during surgery compared to the remainder of the patients (p > 0.05 for all variables, unpaired t-test). Conclusion: Automated refraction is stabile 1 week after uncomplicated cataract surgery, but there is a trend towards instability, if the refractive target is missed with 1.0 D or more.
Introduction
Today, patients expect more from cataract surgery than restoration of visual acuity and a low risk of complications. Achieving minimal refractive error after surgery has become increasingly important concurrently with the advancements in biometry and intraocular lens (IOL) prediction.
In bilateral cataract surgery, the refractive error in the second operated eye may be reduced by correcting the IOL power based on the refractive error encountered in the first operated eye. The basic assumption is high interocular biometry correlation and subsequent prediction errors, and the method is supported by large theoretical studies (Covert et al. 2010; Aristodemou et al. 2011; Olsen 2011) . In a clinical study from Jivrajka et al. 2012 ; found that the refractive outcome for the second operated eye can be improved by correcting the IOL power with up to 50% of the refractive error encountered in the first operated eye, if the target was missed with 0.5 D or more (Jivrajka et al. 2012 ). All mentioned studies are based on subjective refraction, and in the clinical study, there was a 1-2 month delay between the two operations. It is not known whether this IOL correction method can be based on automated refraction measurements.
In many cataract clinics including our own, the interval between bilateral sequential cataract operations is often set to 1 week. This interval balances safety issues and the need for fast vision restoration and, if necessary, subsequent spectacle prescription. If automated refraction is indeed stable 1 week after surgery, a measurement immediate before second eye surgery could be used to correct the IOL choice, in case, the refractive target was substantially missed.
De Juan et al. reported in 2013 that automated refraction stabilized 1 week after uneventful cataract surgery in 124 eyes of 79 patients (de Juan et al. 2013 , Sugar et al. 2001 . We set out to test this finding in a patient material, where only one eye per patient is analysed so that the biological similarities between the two eyes that influence refractive outcome are neutralized. In addition, we wanted to analyse predictive factors for a refractive shift beyond the first week after surgery in order to guide patient selection in a possible IOL power correction study. Therefore, we designed this study to compare automated refraction 1 week after uncomplicated cataract surgery with automated refraction after 1 month, at which point stability can be safely assumed.
Patients and Methods
This was a prospective cohort study carried out between January 2016 and May 2016 at a public ophthalmology department in North Zealand, Denmark. We recruited patients in the two first month of the study period and included consecutive patients scheduled for bilateral small-incision phacoemulsification cataract surgery. The exclusion criteria were as follows: (i) corneal or retinal pathology that could lead to automated refraction miscalculation and (ii) surgery complications. The interval between the two eye operations was set to 1 week.
At the preoperative evaluation, axial length and keratometry values were measured with the IOL master 500 (Carl Zeiss Meditec AG, Jena, Germany). To calculate the IOL power, the SRK/T formula was used if the axial length was 22.00 mm or more, and the Haigis formula was used if the axial length was less than 22.00 mm. If the refractive target for the spherical equivalent was emmetropia, the surgeon selected a value between 0 D and À0.5 D. If the patient wanted to read without glasses, the surgeon selected a value between À2.0 D and À2.5 D.
Three different, experienced cataract surgeons (C.O., M.F., P.R.) performed the operations in local anaesthesia using a 2.4 mm limbal incision, phacoemulsification with the Alcon Infinity machine (Alcon Laboratories Inc., Fort Worth, TX, USA) and in-the-bag insertion of a TECNISÒZCB00 IOL (Abbott Medical Optics Inc., Santa Ana, CA, USA) The corneal wound was hydrated if needed. At the end of surgery, cumulative dispersive energy was noted. This parameter is specific to the Alcon phacoemulsification unit and indicates the time taken to complete a case of phacoemulsification, which reflects the amount of energy used. Postoperative treatment consisted of Dexamethasone/ Chloramphenicol and Ketorolac three times a day for 3 weeks.
Follow-up examination was carried out after 1 week, defined as between 6 and 9 days after surgery, and after 1 month, defined as between 3 and 5 weeks after surgery. Automated refraction was measured with the handheld Retinomax K-plus2 or K-plus3 (Nikon Corp., Tokyo, Japan) set to normal mode. The device provided refraction values in D rounded to quartiles and scored the validity of the measurement with a value between zero and ten (increasing validity). If this score was five or lower, the measurement was repeated in an attempt to increase validity. The pupil was dilated if necessary.
Only the first operated eye entered the statistical analysis because of the biological similarities of two eyes having cataract surgery in a single patient. Data were analysed with SIGMAPLOT 10.0 (Systat Software Inc., Chicago, IL, USA). A refractive shift was defined as the refraction difference between two examinations. Statistical significance of refractive shifts was tested with a paired t-test. Variables influencing the magnitude of refractive shift in spherical equivalent either in myopic or hyperopic direction between 1 week and 1 month after surgery were tested using a multiple regression analysis. The following variables entered the regression analysis: age, mean corneal astigmatism (calculated from preoperative keratometry readings), perioperative cumulative dispersive energy, short-axial length and longaxial length. A short-axial length was defined as a length <1.0 standard deviation (SD) below the mean of the cohort and a long-axial length as a length >1.0 SD above the mean of the cohort. All variables were corrected for validity of automated refraction measurement at the 1-week follow-up. Differences between subgroups of patients were tested with an unpaired t-test. The level of statistical significance was set to a p-value less than 0.05.
The study had been approved in advance by the Danish Data Protection Agency, and informed consent was obtained for each subject. According to current national law, the study did not require approval from the Danish Committee on Health Research Ethics.
Results
We included 126 consecutive patients. Twenty-one patients were excluded for the following reasons: amblyopia (n = 2), severe visual field defects (n = 1), corneal scar (n = 2), dystrophic endothelium (n = 2), failed optical IOL measurement caused by a white or dense cataract (n = 6), degenerate and/ or atrophic macula region (n = 5), optic nerve atrophy (n = 2) and pterygium (n = 1). After surgery, three patients developed pseudophakic cystoid macular oedema and were excluded. Of the 102 remaining patients, seven were lost to follow-up, and therefore, the cohort consisted of 95 patients (Table 1) . Target refraction was set to emmetropia in 88 patients (93%) and myopia in seven patients (7%). The operations were distributed on C.O., M.F. and P.R. with 38 patients (40%), 39 patients (41%) and 18 patients (19%).
To facilitate automated refraction, three patients (3%) needed pupil dilation at the 1-week follow-up, 10 patients (11%) needed pupil dilation at the 1-month follow-up, and the mean measurement validity was 8.3 at both follow-up examinations. The observations are scattered in Fig. 1 . There was no difference between automated refraction 1 week and 1 month after surgery regarding sphere and spherical equivalent, but the cylinder increased (Table 2) . Although the mean refractive shift in spherical equivalent for the cohort was not statistical significant, the distribution of the underlying observations had more than a 0.5 SD and a 3.5 D range. The magnitude of refractive shift in either myopic or hyperopic direction was not correlated to any of the tested variables (Table 3) . As seen in Table 2 , 11 patients (12%) had a refraction error >1.0 D after 1 week, illustrated as outliers in Fig. 2A,B . There was a trend towards instability between 1 week and 1 month after surgery in this subgroup (p = 0.07, paired t-test) compared to the corresponding p-value for the entire cohort. There was no difference in age, preoperative mean corneal astigmatism, perioperative cumulative dispersive energy or axial length compared to the remainder of the patients (p > 0.05 for all variables, unpaired ttest).
Discussion
The day after cataract surgery, eyes are often slight hyperopic compared to their refractive target, and a minor myopic shift is often observed the week after cataract surgery (Sugar et al. 2001; de Juan et al. 2013 ). This early shift may be related to changes in anterior chamber depth and IOL position within the eye. It is possible that the IOL has a slight posterior location immediate after implantation after which the IOL moves anteriorly during the first week. Such a model would explain the early refractive shift, if the refractive changes caused by varying degree of corneal swelling are ignored.
This study shows that automated refraction is stable with regard to spherical equivalent 1 week after uncomplicated cataract surgery. In a similar study by de Juan et al. from 2013; both spherical refraction and cylinder refraction were stable after 1 week, even though the corneal swelling significantly continued to diminish past the first week after surgery (de Juan et al. 2013 ). In our study, the amount of cylinder refraction was not stable after 1 week. The difference could rely on differences in study design and patient material. We conducted our study on a mixed patient material with varying age, axial length, corneal astigmatism and degree of cataract including hard cataracts. In the study by de Juan et al., the ocular and demographic characteristics of the patients are not described in detail, which makes comparison difficult. In any case, our material is somewhat larger in terms of patients.
The regression analysis was not able to identify any pre or perioperative predictors for the magnitude of refractive shift beyond the first week after surgery. We are surprised that phacoemulsification energy was not a significant factor, because phacoemulsification energy has been shown to correlate with endothelial cell loss after surgery (Walkow et al. 2000; O'Brien et al. 2004 ). The rationale is that ultrasonic energy translates into corneal swelling and thereby refractive changes. However, the pathogenesis of corneal swelling after cataract surgery is obviously more complex, and many factors will affect the endothelium during the procedure. Such factors may be categorized into (Glaser et al. 1992 ): (i) mechanical trauma by lens fragments and surgical instruments, (ii) ultrasound energy used during surgery and (iii) irrigation solution effects, all of which contribute to endothelial dysfunction and corneal swelling. In particular, mechanical contact with nuclear fragments has been associated with endothelial injury during phacoemulsification (Hayashi et al. 1996) . Also, it may certainly play a role how close to the cornea the phaco handpiece is held during surgery, and how well the corneal endothelium functions in a given patient. Spectacle prescription primarily relies on subjective refraction. A few older studies have found that subjective refraction stabilizes approximately 1 week after uneventful cataract surgery (Sugar et al. 2001; Lake et al. 2005) . Based on these studies, it is possible to prescribe spectacles as early as 1 week after surgery. On the other hand, there are reasons to consider waiting. First, the refractive target is emmetropia in the majority of cataract patients, which means that most patients have a reasonable visual function without spectacles after surgery. Secondly, the corneal swelling may still affect refraction after 1 week; the cylinder power may not be stable, especially if the corneal incisions have been hydrated, and the cylinder axis may change as the corneal swelling subsides. The present study was not designed to analyse cylinder axis changes and does not provide information as to when the cylinder axis stabilizes after surgery.
There are limitations to the study. Three different surgeons who may induce different amounts of corneal astigmatism operated the patients. However, all main incisions were made in the upper part of the cornea, and all incisions were limbal, so the surgicalinduced astigmatism was presumably minimal. The nurses at our department did the IOL calculations, and either nurses or the authors did the automated refraction measurements. This means that many different staff members have collected data, which challenges precision. The hand-held Retinomax has shown to be accurate with respect to the spherical equivalent in both children (Cordonnier et al. 1998 ) and adults (Wesemann & Dick 2000) . But the accuracy decreases in high ametropia, especially with regard to the cylinder power (Cordonnier et al. 1998 ). In addition, measurement validity was not always high in our study and often, measurements needed to be repeated. Quite a few patients needed pupil dilation as well to facilitate automated refraction, which has been problematized before (Wesemann & Dick 2000) . Finally, the sample sizes in the subgroups of patients with refractive surprises are not high, and therefore, the p-values for these groups should be interpreted with caution.
Nevertheless, as automated spherical equivalent refraction is stable 1 week after uncomplicated cataract surgery, it is possible to conduct an IOL correction study for the second eye based on automated refraction in the first eye after 1 week. Candidates are patients with a substantially missed refractive target in the first operated eye (>0.5 D) without surgery complications or pathology that could lead to automated refraction miscalculation. In patients with large refractive surprises, it is important to consider all possible causes of the refractive error before correcting the IOL choice for the second eye, and pupil dilatation before automated refraction measurement is advisable in order to increase accuracy. Based on pre and perioperative observations, it is not possible to predict which patients are more likely to have unstable refraction after 1 week and therefore unsuited as candidates for an IOL power correction in the second eye.
